
Consider a free nonrelativistic particle in one spatial dimension q. The time-dependent
Schrödinger wavefunction is defined by Ψ(q, t) = 〈q, t|Ψ〉. Assume that the wavefunction
is initially given by the Gaussian wave packet

Ψ(q, 0) =
(

1
2πσ2

)1/4

exp
(
− (q − q0)2

4σ2

)
.

Using the fact that

Ψ(qF , tF ) =
∫

dqI 〈qF , tF |gI , tI〉Ψ(qI , tI),

show that the wave packet will spread as time evolves, leading to

|Ψ(q, t)|2 =
(

1
2πσ2(t)

)1/2

exp
(
− (q − q0)2

2σ2(t)

)
.

Determine the function σ(t).
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